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Unprecedented use of 29Si NMR spectroscopy for a convenient determination
of enantiomeric excesses of chiral a-C-silylated amines and alcohols†
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The use of routine refocused-decoupled INEPT 29Si NMR
spectroscopy, in the presence of the chiral lanthanide shift
reagent Eu(tfc)3, allows convenient enantiomeric excess
determination of chiral a-C-silylated amines and alcohols
for the first time.

The constant interest in a-C-silylated amines, from a synthetic1

and biological2 point of view, has led a large number of authors
to propose different syntheses for these compounds. Recently
we proposed several methods giving access to 1-(trimethyl-
silyl)alkylamines.3 One of these consisted of the reduction of
acylsilane imines obtained via reductive silylation of cyano-
hydrins.4

Because of the potential biological interest of these amines
and their derivatives, their synthesis in enantiomeric form is of
importance. Although the literature provided us with some
examples,5 no synthesis of such chiral primary amines were
described before our recent publication.6 This led us to search
for an accurate, reliable and convenient method for measuring
the enantiomeric purity of the synthesized amines.

Many new NMR spectroscopic techniques for the determina-
tion of ee now exist.7 We made our first different attempt using
1H and 13C NMR spectroscopy and the chiral auxiliary Eu(tfc)3.
We obtained poor separation and the spectra were complicated
by the many protons and carbon atoms present in the compound
and the lanthanide shift reagent (LSR). We turned next to 29Si
NMR spectroscopy, although methods exploiting the chemical
shift sensitivity of this nucleus in organosilicon compounds
have not so far been reported. Our experiments required the use
of a routine polarization transfer technique, the 29Si NMR
refocused-decoupled INEPT experiment, based on the INEPT
sequence,8 which allowed us to circumvent the long relaxation
time of the silicon atom. The sensitivity of this technique, which
depends on the number of coupled protons, was enhanced in the
case of trimethysilylated compounds. The refocusing delay time
parameter (D = 0.02 s) was graphically chosen with the
computer program SIMEPT,9 on the basis of analytical
expressions for the theoritical enhancement of decoupled
INEPT spectra,10 in order to obtain optimum enhancement,
which depends on delay times. The chiral auxiliary Eu(tfc)3,
which converts the mixture of enantiomers into a diastereo-
isomeric mixture, was directly added into the NMR sample.

We studied racemic amines first. After a few minutes, the
decoupled 29Si NMR spectrum showed two signals of approx-
imately the same intensity due to rapid exchange at equilibrium
between the diastereoisomeric adducts and the parent racemic
mixture of stereoisomers. The shift of these signals from the
signal of the starting racemic mixture increased with the
quantity of the europium salt added, as was the broadening of
the signals. Best results were obtained with an LSR : substrate
molar ratio in the 3–10% range. The results shown in the Table
1 (compounds 1–3) proved the validity of the method.

In order to show that this method could be valuable for other
a-C-silylated compounds, we also tested racemic a-C-silylated

alcohols (Table 1, compounds 4–6), synthesized by reduction of
the parent acylsilanes obtained by standard methods.11

The ratios obtained from 29Si NMR integrations confirmed
that the parent mixtures were racemic and showed that this
method was valuable also in these cases. However, failure was
observed with a-C-silylated chloroalkanes, probably because
the lower basicity of the chlorine atom stops the molecule
complexing with Eu(tfc)3.

An example of the results obtained using this technique is
shown in Fig. 1.

Non-racemic mixtures of 1-(trimethylsilyl)butylamine 1
were obtained via asymmetric reduction of butyryltrimethylsi-
lane imine under various conditions.6 The NMR technique was
applied to the determination of the ee of these mixtures (see
example in Fig. 2) and the results were in good agreement with
the mesured specific rotations (Table 2).

In summary, the DdSi values of a-C-silylated amines and
alcohols, obtained from routine refocused-decoupled INEPT
experiments in the presence of Eu(tfc)3, indicate that the
chemical shift sensitivity of the silicon nucleus allows the
determination of ee. This technique is possible because the
observed silicon nucleus is close to the chiral and the
complexation centers. From a practical point of view, this new
and simple method (a single signal in the spectrum is converted
into a double one) will be useful in the frame of the asymmetric
synthesis of a-C-silylated amines and alcohols because it allows
a rapid, convenient and accurate determination of the ee.

† Part of the Thesis of F.F. (Université Bordeaux-1, 1998.

Table 1 Enantiomeric ratios measured for racemic a-C-silylated amines and
alcohols

Compound Z R
LSR/
mol% Dd (ppm)a

Diastereoisomeric
ratiob

1 NH2 Pr 6.2 0.021 50.7 : 49.3
2 NH2 C6H11 8.0 0.069 50.2 : 49.8
3 NH2 But 5.5 0.032 50.5 : 49.5
4 OH Me 6.2 0.031 50.3 : 49.7
5 OH Pri 3.2 0.138 50.1 : 49.9
6 OH Ph 10.0 0.031 50.3 : 49.7

a In CDCl3 at 25 °C. 29Si NMR chemical shift and separation have been
shown to be solvent, substrate, LSR concentration and temperature
dependent. See ref. 12. b Based on the integration of the 29Si NMR
resonances (±1%).

Fig. 1 29Si NMR spectra of 6 before and after the addition of Eu(tfc)3.
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Further applications of this novel technique are under in-
vestigation.
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Fig. 2 29Si NMR spectra of enantioenriched 1-(trimethylsilyl)butylamine 1
after the addition of Eu(tfc)3 (39% ee) (ref. 13).

Table 2 Comparison of experimental specific rotations and ees for various
non-racemic mixtures of 1–(trimethylsilyl)butylamine

[a]20
D (MeOH) Ee (%)

+3.8 39
+2.9 31
+3.5 36
+6.1 60
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